Objective: Poor food intake is known to lead to malnutrition in long-term care (LTCH), yet multi-level determinants of food intake are not fully understood, hampering development of interventions that can maintain nutritional status of residents. This study measures energy and protein intake of LTCH residents, describes prevalence of diverse covariates, and the association of covariates with food intake. Design: Multi-site cross-sectional study. Setting: 32 nursing homes from four provinces in Canada. Participants: From a sample of 639 residents (20 randomly selected per home), 628 with complete data included in analyses. Measurements: Three days of weighed food intake (main plate, estimated beverages and side dishes, snacks) were completed to measure energy and protein intake. Health records were reviewed for diagnoses, medications, and diet prescription. Mini-Nutritional Assessment-SF was used to determine nutritional risk. Oral health and dysphagia risk were assessed with standardized protocols. The Edinburgh-Feeding Questionnaire (Ed-FED) was used to identify eating challenges; Mealtime interactions with staff were assessed with the Mealtime Relational Care Checklist. Mealtime observations recorded duration of meals and assistance received. Dining environments were assessed for physical features using the Dining Environment Audit Protocol and the Mealtime Scan was used to record mealtime experience and ambiance. Staff completed the Person Directed Care questionnaire and managers completed a survey describing features of the home and foodservices. Hierarchical multivariate regression determined predictors of energy and protein intake adjusted for other covariates. Results: Average age of participants was 86.3 ± 7.8 years and 69% were female. Median energy intake was 1571.9 ± 411.93 kilocalories and protein 58.4 ± 18.02 g/day. There was a significant interaction between being prescribed a pureed/liquidized diet and eating challenges for energy intake. Age, number of eating challenges, pureed/liquidized diet, and sometimes requiring eating assistance were negatively associated with energy and protein intake. Being male, a higher Mini-Nutritional Assessment-Short Form score, often requiring eating assistance, and being on a dementia care unit were positively associated with energy and protein intake. Energy intake alone was negatively associated with homelikeness scores but positively associated with person-centred care practices, while protein intake was positively associated with more dietitian time. Conclusion: This is the first study to consider resident, unit, staff and home variables that are associated with food intake. Findings indicate that interventions focused on pureed food, restorative dining, eating assistance and person-centered care practices may support improved food intake and should be the target for further research.
Introduction
Poor food intake and subsequent malnutrition are pervasive among older adults living in long term care homes (LTCHs) (1) (2) (3) (4) (5) . Weight loss and poor nutritional status of these elders have been implicated in falls, chronic wounds, poor wound healing, hospital admission, disproportionate use of health services, and reduced quality of life (6) (7) (8) (9) (10) . Poor food intake is the primary mechanism for malnutrition in this population and is potentially preventable for some residents (4, 11) . To better understand how to improve food intake among these elders, we first need to understand what resident, home, and staff characteristics are most prevalent and associated with food intake. Prior work based on small sample sizes has resulted in limited understanding of the prevalence of various risk factors and which modifiable variables are relevant. A comprehensive assessment of factors and how they are associated with food intake is absent in the literature. The Making the Most of Mealtimes (M3) conceptual model suggests three domains of: 1) meal access (e.g., dysphagia, self-feeding capacity), 2) meal quality (e.g., nutrient density, sensory appeal), and 3) mealtime experience (e.g., ambiance) that can influence food intake in residential settings. This model notes that all of these domains can be influenced by resident (e.g., diagnosis of dementia), staff (e.g., number, skill), home (e.g., policy, philosophy of care) and regional factors (e.g., regulation) (12) . This conceptual model demonstrates how complex food intake can be in LTCHs, but also provides a map for further understanding these complex relationships.
To date, research on determinants of food intake in residential environments has focused on only one or two levels of influence (e.g. home, resident) (13) ; few key factors, often not modifiable (e.g., dementia, eating difficulties) (14, 15) ; or data from relatively few residents and/or homes (4, 6) . Furthermore, few studies have rigorously measured food intake (4) or considered the cluster effect of units within homes, and residents within units, when determining associations (13) . This study was designed to overcome these limitations and will: 1) describe energy and protein intake (as proxies of total and quality food intake respectively) and prevalence of a comprehensive list of resident, unit and home covariates and 2) identify the factors associated with total energy and protein intake in a large, diverse sample of LTCH residents when adjusted for other covariates.
Methods

Subjects & Setting:
The complete protocol for this cross-sectional, multi-site study is described in detail elsewhere (16) . In brief, 32 purposively selected LTCHs from four Canadian provinces participated. Two to three units within each home were randomly selected (dementia care unit included if available) for recruitment.
With the assistance of a trained home staff member, residents were randomly selected and recruited to reach a quota of 20 residents per home. Eligible residents were ≥65 years of age, provided (or alternate decision-maker [ADM]) informed consent and were medically stable (no hospital admission in previous month or palliative), had been in the home for at least one month, ate an oral diet, and typically ate in the dining room. The home staff member approached the resident/ADM to determine interest in learning more about the study. Research staff obtained informed consent to participate.
Research Staff: Provincial research leads in each province are experts in dietetics/nutrition or nursing with extensive experience in the conduct of research in LTCHs; they provided study oversight and quality control in each province. A coordinator (background in dietetics/nutrition, three were practicing dietitians) was responsible for all data collection within each home in their province and dayto-day management of the project. Provincial research leads and coordinators attended an in-person, three-day training session for all procedures, including practicing of all data collection measures to promote standardization. Provincial coordinators and research leads trained two further research assistants (post baccalaureate health studies/nutrition) in their province for meal observations (e.g. length of meal, observation of eating behaviors/challenges), food intake assessment and nutrient analysis. A dental hygienist for each province was contracted to complete the standardized oral health exams; they were trained by a co-investigator with this expertise. Monthly teleconferences were completed throughout the study to address data collection issues and further promote consistency in measurement and procedures.
Food Intake: Three nonconsecutive days of weighed food intake (before and after consumption of items on main plate and estimated beverages, side dishes and snacks), were collected for each resident. Food Processor Nutrition Analysis Software version 10.14.1 (ESHA Research, Salem, OR, USA) was used with home recipes to estimate intake; average intake of energy and protein were dependent variables for this analysis. A detailed procedure (16) was followed to promote accuracy in assessment of food intake and nutrient analysis. Specifically, home recipes were used to complete the nutrient analysis concurrently with data collection to provide opportunity for clarification with the home staff. Research assistants checked each other's work, and rules were followed with respect to food substitution for nutrient analysis when a recipe was unavailable (16) . The Canadian Nutrient File was used for foods/ingredients where fortification practices would influence nutrient content.
Resident Covariates: Resident variables (e.g., medication, use of supplements, diet prescription, 6-month weight history) were collected from the health record by the provincial coordinator. Modified food texture diets were classified for analysis using the International Dysphagia Diet Standardisation Initiative (IDDSI) as there were a wide variety of modified food texture labels used by homes (17) .
Descriptions of food products that were consumed were used to make this categorization for individual diet prescription (e.g. minced meat became 'minced & moist' IDDSI category 5). Mini-nutritional assessment short form (MNA-SF) was completed based on health record information and discussion with staff/family/resident. Patient-Generated Subjective Global Assessment (18) was used to diagnose malnutrition; only the ratings of A (well nourished), B (mild/moderate malnutrition) and C (severe malnutrition) were used in the analyses. Ulna length was used to estimate height (19) and calculate Body Mass Index. Provincial coordinators interviewed staff to complete items on the interRAI-LTCHF 2.0 to determine cognitive performance, depression, pain and activities of daily living (20) (21) (22) (23) (24) (25) . Experienced and research-trained dental hygienists assessed oral health by using a standardized oral health exam (26). Dysphagia risk was defined as either 1) the resident was prescribed thickened fluids, 2) they failed a standardized swallowing challenge using water and applesauce (27) , or 3) they coughed or choked during meal observations when food and fluid intake were collected. Finally, during one meal on each day of observation, eating behaviors and interactions between staff and residents were also documented using the Edinburgh Feeding Questionnaire (Ed-FED) (28) plus nine further eating challenges (e.g., coughing, choking, playing with food) that were similarly scored and summarized into an Other Eating Challenges score; the Relational Behavior Scale for those requiring total eating assistance (29) , and the Mealtime Relational Care Checklist (30) . Duration of every meal was measured and mealtime behaviors observed were averaged to provide a single score/value per resident for analysis.
Staff and Setting Covariates:
A site survey was completed by home management and explored food delivery and preparation, menu planning/variety (score based on number of unique items per day and week), clinical dietitian time, raw food (i.e. amount of money spent solely on food) and oral nutritional supplement cost and other home (e.g. profit status) and unit (e.g. number of beds) variables. Staff (minimum of 10 per home) completed the Person Directed Care questionnaire (31) . Provincial coordinators completed the Mealtime Scan (MTS) (30) and Dining Environment Audit Protocol (32) to determine person-centered care practices, physical and social rating of observed meals and homelikeness and functionality of the dining rooms (maximum rating 8 for all summary scales). The number of residents and staff in the dining room, excess noise and use of music during meals was also captured with the MTS, which was completed four to six times for each dining room. Ethical approval was provided by review boards at the Universities of Alberta, Guelph, Manitoba, Moncton, Toronto, and Waterloo.
Statistical Analyses: Descriptive analyses were completed for key resident and site covariates (Table 1) . Multivariate hierarchical linear regression was used to consider this nested design (residents in units in homes in provinces) when examining the significance of factors associated with energy and protein intake. The intraclass correlation (ICC) values of each of the four levels of nesting were calculated to determine the proportion of variance in food intake that was accounted for by each nested level prior to inclusion of potential covariates.
Covariates hypothesized from the M3 conceptual model to be associated with intake were included in the analysis; those statistically associated at p<0.25 are provided in Table 2 . Energy and protein intake were regressed on each variable of interest, while adjusting for age and gender ( Table 3 ). The unexplained variation between homes and units within homes was used to assess covariates at the home and unit levels respectively. All variables with coefficients significant at p<0.25 were included in a backward regression analysis, which was reduced one variable at a time, based on the least significant coefficient (i.e., with the greatest p-value), starting with resident-level variables, followed by unit-and then home-level variables. Where variables were collinear, the initial full model was developed with only one covariate (e.g. MNA-SF and PG-SGA; Dietitian hours per week vs. > 0.5 FTE etc.). This process continued until all coefficients in the model were significant at p<0.05. Potential interactions between covariates were also tested. R 2 values were used to determine the most parsimonious model and post-hoc tests were performed to identify outliers, potential collinearity and goodness of fit. All analyses were performed using SAS® 9.4 statistical software (SAS Institute Inc., Cary, North Carolina).
Results
Descriptive data for resident and homes are provided in Table 1 (Supplementary tables 1-3 provide further detail). The mean age of the residents was 86.8 ± 7.8 years and 69% were female. Median energy intake (unadjusted for individual variation) was 1571.9 ± 411.9 kilocalories/day (kcal/d) and protein 58.4 ± 18.0 grams/day (g/d); however less than 50% had low protein intake using the Dietary Reference Intake of 0.8 g/kg bodyweight/day. Using PG-SGA, 44% of participants were malnourished (B/C categories) and the most common diagnosis was dementia (65%; supplementary table 1). Residents were highly vulnerable; almost a quarter required eating assistance, almost 50% had poor oral health that would affect food intake and a similar proportion were on modified-texture diets.
Almost a third of participants were in dementia care units and all dining rooms assessed had moderate ratings for homelikeness and functionality. Mealtimes had moderate scores for person-centeredness, social and physical environments that supported the mealtime experience and ambiance. Registered dietitians were present in all homes, although there was considerable variation in their weekly availability. Menus were typically revised every six months, although more than 5% of homes had not altered their menu in the past year.
A total of 11 residents were excluded from the bivariate and multivariate analyses (n=628) due to limited (<2 days) food records (n=6), eating in their rooms (n=4) missing a MNA-SF score (n=1). Bivariate analyses provided in Table 2 (meet criteria of p<0.25; see supplementary tables for all variables analyzed) for both energy and protein demonstrated several potential covariates for inclusion in the initial multivariate models; negative values indicate that the covariate decreased energy or protein intake. As anticipated, some variables were only associated with protein intake which is considered a proxy for diet quality (e.g., number of drugs prescribed, number of teeth, use of thickened fluids, having cultural preferences met, biggest meal of the day, dietitian time, raw food cost etc.). Table 3 provides the multivariate analysis. A significant interaction was found between pureed/liquidized diet type and eating challenges at meals for energy intake; thus, final models accounting for this interaction are used for interpretation and discussion. Age was negatively associated with energy and protein intake. For every one-year increase in age, energy declined by 9 kcal/d and protein intake declined by 0.39g/d when adjusted for other variables in the model. As anticipated, males had higher energy and protein intakes than females. There was a negative association between energy and protein intake and Ed-FED scores. A higher score on the Ed-FED indicates a greater number of eating challenges; for each one-point increase in this score there was a resulting decrease of 63 kcal/d and 3g/d of protein. In final models where the interaction between pureed/liquidized food texture and eating assistance was considered, there was a negative but non significant association between consuming a pureed/liquidized diet and energy and protein intake. MNA-SF was positively associated with energy and protein intake.
For each one-point increase in MNA-SF, there was a 24 kcal/d and 0.65 g/d protein increase. Those who often (or totally) required eating assistance according to the Ed-FED had higher energy and protein intake (positive association), whereas those who only occasionally received assistance had lower energy and protein intake (negative association) when compared with those who could eat by themselves or rarely required assistance. The interaction between texture and eating challenges was positive and significant for energy; plotting of the association revealed that a high proportion of residents requiring pureed texture also had eating challenges.
The home dietitian being a 0.5 full-time equivalent or higher was positively associated with protein intake; those receiving this level of care had a 3.4g/d on average greater intake than those in homes with less clinical dietitian time. A higher homelikeness score was negatively associated with energy intake, however this effect was modest to nominal, decreasing intake by 20 kcal/d for each one-point change in score. Person-centred care ratings from the MTS were positively associated with energy intake; a one-point increase in this score resulted in an average 307 kcal/d increase. These two unit variables were not included in the final models for protein intake. Finally, living in a dementia care unit was positively associated with energy (+148.5 kcal/d) and protein (+4.1 g/d) intake.
Discussion
This landmark study considers a comprehensive list of potential covariates affecting food intake at the resident, unit and home levels, in a large and diverse sample. Data were collected using rigorous methods primarily based on researcher measurement and observation. This is the first time that some variables, (e.g., mealtime relational care practices and dining room environment) have been studied with food intake. This research not only provides unique and important insights regarding the prevalence of diverse risk factors, but also identifies several potential root causes of poor food intake in LTCHs. It should be noted that some variables collected in the study were not described or modeled here, as they were only completed for residents with adequate cognition (e.g., food satisfaction, smell acuity). Future analyses will focus on these aspects of the M3 concept. The prevalence data alone are noteworthy and can be used for advocacy as well as planning of future investigations (see supplemental tables). Specifically, the composite dysphagia risk variable and modified-texture diet variables using the new International Dysphagia Diet Standardization Initiative classification, provide the best estimates to date in residential care. The identified high prevalence reinforces the importance of providing quality modified foods as well as managing dysphagia in LTCHs. Oral health data were collected based on a clinical examination rather than the typical approach of reviewing administrative data sets and provides evidence for challenges with respect to oral care and its impact on food intake. Both the objective and subjective ratings of oral health status of the study sample underscore the pressing need for quality oral care in LTCHs and future analyses will examine these issues. Prior studies of food intake in LTCHs demonstrating diet inadequacy are confirmed by our observations of relatively low and highly variable intake (4, 11, 13) . Future analyses will compare actual to recommended micronutrient intake to assess adequacy.
Bivariate and multivariate analyses have identified covariates relevant to food consumption. Although not significant in the final models, covariates significantly associated at the bivariate level should also be considered as potential areas for improving food intake. For example, more recent menu revisions (<6 months) were associated with higher protein and energy intake (Table 2) suggesting that this should be standard practice in LTCHs. The multivariate analyses conducted in this study confirm prior findings that pureed food (34,35), eating challenges (36, 37), eating assistance (38), and malnutrition (37) are important determinants of food intake. However, prior work examining eating assistance has failed to differentiate if level of help provided (i.e., sometimes vs. often) is a relevant distinction. This analysis suggests that it is, and future work should continue to describe intake by level of assistance required rather than as a dichotomous variable. Prior work has also suggested a confounding relationship between eating assistance and modified texture food intake (35) and this study demonstrates the importance of considering this interaction in future research. These results could be interpreted as total eating assistance overcoming the deficit in food intake that is often seen with pureed food prescription. Certainly, there is a need for eating assistance interventions (e.g., volunteers), especially given projections regarding the increasing number of residents requiring total meal assistance. Yet, this study suggests that more attention should be paid to restorative techniques that support self-feeding and overcome eating challenges, while providing assistance when needed; close monitoring of intake is required to ensure that residents on the cusp of losing their eating ability do not decrease their intake. The significant effect of dementia care units and person-centered care practices suggests that how meals are This analysis also suggests that physical changes to promote 'homelikeness' are not sufficient to improve food intake.
Study Limitations: Although a rigorous and detailed data collection has provided new understanding on the complexity of factors associated with food intake, this study is not without some limitations. Random selection of homes was not feasible, but diversity of homes was attained with purposive sampling (16); thus, the homes and participants cannot be considered representative of Canadian LTCHs. However, comparison of randomly recruited participants to the eligible pool in the home demonstrated that participants were representative of their home (16).
Several highly trained researchers were required due to the geographic distribution of the data collection. This likely introduced some bias in measurement, especially with respect to potentially subjective measures such as the DEAP and MTS summary scales, or measures with poorly defined categorizations (e.g. Ed-FED never/rarely vs. sometimes vs. often). Clustered hierarchical analysis was used to adjust for province and home effects, as reliability testing across assessors was infeasible.
Further longitudinal analyses should be used to confirm novel associations identified in this cross-sectional study (e.g., sometimes vs. often requiring eating assistance, person-centred care practices). Further, some measures were not possible, because of the cognitive capacity of residents (e.g. chewing ability). Finally, MTSs were not necessarily completed at meals where food intake of participants was being assessed; it was assumed that four to six meal observations with this measure represented participants' mealtime experience. This could mean that associations between these dining room level variables and food intake are spurious. Future studies should conduct these measures concurrently with food intake of participants, now that key variables such as person-centred care at mealtimes have been shown to be relevant.
Conclusions
This is the first known study to assess a comprehensive list of risk factors that influence meal quality, mealtime experience and meal access in a large and diverse sample of residents in LTCHs in Canada. Longitudinal studies are recommended to confirm associations between some of the novel results such as levels of eating assistance, or person-centred care practices and energy and protein intake.
Prevalence data from this study are especially useful for documenting the relative importance of key issues that can impact food intake for residents in long-term care. 
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